The taxonomically difficult and ecologically and phytogeographically important genus, Calamagrostis, was examined for British Columbia (BC). Morphological characters were analyzed by Principal Components Analysis (PCA) to characterize taxa and to aid in the development of a new key. Eight native species (Calamagrostis canadensis, C. lapponica, C. montanensis, C. nutkaensis, C. purpurascens, C. rubescens, C. sesquiflora, and C. stricta) are confirmed to occur in British Columbia, of which C. montanensis, C. nutkaensis, C. purpurascens, C. rubescens, and C. sesquiflora are reliably distinguishable. Comparison of species distribution to regional climatic and vegetation history suggests that Calamagrostis nutkaensis and C. sesquiflora likely survived in coastal refugia during late Wisconsin glaciations. Calamagrostis purpurascens likely persisted beyond the glacial limits or within nunataks and then spread into previously glaciated sites. Two interior continental species, C. montanensis and C. rubescens, probably spread north and west from the unglaciated zone south of the Cordilleran and Laurentide ice sheets. Calamagrostis lapponica likely persisted north of the ice sheets, and then spread southward into high-elevation sites in northern and eastern BC. Calamagrostis canadensis and C. stricta probably survived south and north of the ice sheets, and then spread into the previously glaciated terrain.
montanensis, and C. inexpansa A. Gray (5C. stricta) provide forage, and C. canadensis is a source of wild hay (Hitchcock 1971) . Specimen labels from DAO (Agriculture and Agri-Food Canada Herbarium, Ottawa, Ontario) indicate that in the 1970's Agriculture Canada evaluated accessions of C. canadensis, C. purpurascens, and C. stricta from western Canada, in common garden plots in Beaverlodge, Alberta, presumably to bring these species into cultivation as forage. Calamagrostis sesquiflora is of notable phytogeographical interest because its restricted distribution may provide clues to the region's glacial history and subsequent colonization by plants (Ogilvie 1997) .
For these reasons, the identification of Calamagrostis species is particularly important, however many have observed that species determinations are difficult. For example, Stebbins (1930:35) observed that Calamagrostis species ''are exceedingly variable and difficult to define'', while Hitchcock et al. (1969:522) noted that ''several species are highly variable and mutually distinguishable only with some difficulty''. In western Canada, the species of the ''C. canadensis/C. stricta/C. lapponica complex'' are especially challenging to distinguish. Within C. canadensis and C. stricta it is also difficult to assign many specimens to a subspecific rank sensu Greene (2001) . In the Royal British Columbia Museum herbarium (V) many specimens were identified to the wrong species or subspecies, suggesting that published keys may not be adequate to separate taxa reliably. For example, many character states by which the subspecific taxa of C. canadensis and C. stricta are differentiated overlap greatly (Greene 2001) .
Classification of some North American species is difficult, in part, due to apomixis, hybridization and polyploidy (Nygren 1954; Clarke 1980; Greene 1984; Tsevlev 1984) which likely generate and perpetuate numerous closely related genotypes that differ from each other by relatively subtle differences. A description of the genus can be found in Marr et al. (2007) . Multiple chromosome counts have been reported for the species that occur in BC (Nygren 1954; Kawano 1965; Moss 1983; Greene 1984) : C. canadensis (2n 5 42, 45, 48, 49, 51, 56, 62, 65) ; C. lapponica (2n 5 28, 42, 49-140); C. montanensis ( 2n 5 28); C. nutkaensis (2n 5 28); C. purpurascens (2n 5 40-42, 47-49, 50, 53, 56, 54, 84) ; C. rubescens (2n 5 28, 42, 56); C. sesquiflora (2n 5 28); C. stricta (2n 5 28, 56, 70, 84, ca. 104, ca. 114, ca. 120, ca. 123) . Polyploidy and especially aneuploidy occur in those taxa that are difficult to distinguish, namely C. canadensis, C. lapponica and C. stricta.
We undertook a systematic examination of British Columbia Calamagrostis species, based largely on a multivariate analysis of morphological characters. Our goals were to develop a better key and species descriptions, to evaluate intraspecific taxa in C. canadensis and C. stricta, and to more accurately map species distributions. We examine the phytogeography of the genus in northwestern North America and discuss it in the context of current understandings of the regions glacial, environmental and climatic history (Hebda 1995 (Hebda , 1997 Byun et al. 1997; Whitlock and Bartlein 1997; Heusser et al. 1999; Heinrichs et al. 2002) . The results presented here are the basis for the measurements and a portion of the key presented in the Flora of North America treatment for those Calamagrostis species that occur in British Columbia (Marr et al. 2007 ).
METHODS

Morphology
We examined and recorded label data from 1900 specimens from multiple herbaria: V, DAO, CAN, OLYM, SMI, UAC and UBC. We concentrated on specimens from British Columbia, but included selected material from Alaska, Washington, Yukon, Alberta, and Russia (four specimens originally determined as C. langsdorfii (Link) Trin. that were annotated by C. W. Greene in 1991 as C. canadensis var. langsdorfii (Link) Inman). We also observed species habitats and sampled populations during fieldwork in British Columbia from 2002 Columbia from -2009 . No type specimens were viewed.
Under magnification, we measured and observed 24 characters (Table 1 ) from 247 specimens (Appendix 1), initially accepting as correct the most recent name on the sheet. Data were analyzed by Principal Components Analysis (PCA) using SYSTAT (Wilkinson 1997) . Individuals were plotted according to their scores from the first two PCA axes. Taxa whose specimens mostly grouped together and were distinct from other taxa in the scatter-plot were removed from the data set. The PCA was repeated a second time using the revised data set. By removing the specimens of the more distinct species we hoped to achieve some resolution among the specimens of the remaining taxa, i.e., those that were less distinct in the scatter-plot. This procedure was repeated a third time. For the second and third PCA an additional character, ''glume width'' (GW) was added because the ratio of glume length to glume width appeared to be useful to distinguish among the taxa included in these PCA's. The character, ''awn exserted versus not exserted'' (AWNXRT), was removed for the second and third PCA's because all specimens of the species included in these PCA's shared the same character state (awns were not exserted).
If a specimen's position on the scatter-plot differed from others of the same taxon, or if it had been collected outside of the main geographical or ecological range of that taxon, it was examined more closely and often, but not always, re-determined as the taxon with which it clustered most closely. Using box plots of each character for each taxon, we noted those characters that overlapped relatively little among taxa and tested the possibility of using these characters as a means of distinguishing among taxa. We repeated these steps through several iterations to minimize the degree of overlap among clusters of the same taxon. This approach assisted us in the preparation of a key. The key was successfully verified in the field during 2002-2008. Once we had established the key, we examined all other specimens that had not been included in the multivariate analysis and made re-determinations as necessary.
Mapping
Latitude and longitude data from confirmed herbarium specimens were entered into a database. Where only place names were given, latitude and longitude were derived from maps, printed gazetteers (Canadian Permanent Committee on Geographical Names 1985) and the web sites http://geonames.nrcan.gc.ca/ and http://geonames.usgs.gov/. After all specimens had been examined and annotated the database was updated with re-determinations. Records were then mapped using ArcView 9a (Environmental Systems Research Institute, Inc. 1992 -1999 . The map projections used are an Albers Equal Area Conic (Sphere) with a central median of 2115 degrees and reference latitude of 51 degrees. 
RESULTS
Morphology
In the first PCA (all species), specimens of C. montanensis, C. purpurascens, C. rubescens and to a lesser extent C. sesquiflora formed largely discrete clusters (Fig. 1A) . Calamagrostis canadensis and C. nutkaensis also clustered separately to some extent. There was considerable overlap among C. stricta, C. lapponica and C. nutkaensis. The first axis accounted for 24.8% of the variation with inflorescence branch length (BRL), plant height (HT), and the number of nodes (NODE) contributing the most. The second axis accounted for 19.2% of the variation with ligule type (LIGT), rachis surface roughness (RACH), and glume surface (GSR) contributing the most. The third axis (not shown) accounted for 14.5% of the variation with glume length (GL), leaf Letters represents a single specimen: C 5 C. canadensis var. canadensis; A 5 C. canadensis var. langsdorfi; L 5 C. lapponica, M 5 C. montanensis, N 5 C. nutkaensis, P 5 C. purpurascens, R 5 C. rubescens, Q 5 C. sesquiflora, I 5 C. stricta subsp. inexpansa, S 5 C. stricta subsp. stricta. The ''*'' indicates specimens that we have re-determined. Specimens labeled with ''+'' are from Russia. A. All species. B. Original data set but with C. montanensis, C. purpurascens; C. sesquiflora, and C. rubescens removed. C. C. canadensis, C. lapponica, C. stricta only. D: Same as Fig. 1C , but with specimens labeled according to the most recent name that was written on the label i.e., prior to this study. 2011] width (LFW) and anther length (ANTHL) contributing the most.
In the second PCA, C. montanensis, C. purpurascens, C. rubescens and C. sesquiflora were removed from the data set. In this analysis, C. nutkaensis and to some extent C. lapponica were distinct. Calamagrostis canadensis and C. stricta were largely distinct at the species level; however, there was more overlap at the intraspecific level (Fig. 1B) . The first axis accounted for 27.1% of the variation with number of nodes (NODE), LIGT and GSR contributing the most. The second axis accounted for 19.2% of the variation with GL, lemma length (LML) and ANTHL contributing the most.
For the third PCA C. nutkaensis was removed from the data, leaving C. canadensis, C. stricta, and C. lapponica. Calamagrostis lapponica formed a relatively discrete cluster; however there was some overlap with specimens of C. stricta and C. canadensis (Fig. 1C) . There was little overlap between C. canadensis and C. stricta. Relative to C. lapponica, and to a lesser extent to C. stricta, C. canadensis was the most variable species. The first axis accounted for 33.0% of the variation with NODE, LIGT, and LIGL contributing the most. 
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The second axis accounted for 15.3% of the variation with GL, hair length (HARL) and LML contributing the most. In order to visually evaluate the impact of our analysis upon the identification of the ''C. canadensis/C. lapponica/C. stricta complex'' we replotted the results of the third PCA, but labeled the points according to the most recent (i.e., prior to our analysis) identification on the sheet (Fig. 1D ). The changes that are indicated in this figure include 29 redeterminations at the subspecific category and 32 redeterminations at the species level.
Measurements and observations based on our species determinations, using only specimens from North America, are summarized in Table 2 . These data derive from specimens for which measurements were taken for the PCA as well as additional specimens that we observed in cases where those specimens that were measured for the PCA failed to capture values at the lower or upper end of the range of a particular character. In terms of overall stature (i.e., plant height, leaf size, and inflorescence size), C. nutkaensis and C. canadensis are the most robust of the B.C. species, and C. montanensis and C. sesquiflora are the smallest. Calamagrostis sesquiflora and C. purpurascens have the largest florets and the longest awns, and C. stricta and C. canadensis have the smallest florets and awns. Callus hairs are longest in relation to the lemmas in C. canadensis, C. stricta and C. lapponica and are shortest, usually less than half the length of the lemma, in C. montanensis, C. purpurascens, C.
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Ecology and Distribution
Re-determinations of herbarium specimens, new collections and observations in the field helped refine the understanding of ecology (Table 3 ) and distribution of Calamagrostis species in the study region (Fig. 2 ). These results demonstrate that two taxa can occur virtually at the same site but in slightly different habitats and that the distributions of several taxa, in particular C. lapponica and C. sesquiflora, are more sharply constrained than maps heretofore (Douglas et al. 2002b:131-132) 2011] climatic regime). Taxa of relatively moist sites include C. canadensis (though not always in the case of var. canadensis), C. stricta and to a large extent C. nutkaensis. Two species, C. lapponica and C. purpurascens favor well to moderately drained crest and upper slope positions. Calamagrostis montanensis and C. rubescens occur mainly on well to moderately drained slopes or flat terrain. Calamagrostis canadensis occurs largely on lower slope and mesic to even hydric valley bottom sites. In the alpine of northern BC, we consistently find C. canadensis var. langsdorfii in moisture receiving sites, local depressions, or beside boulders or tree islands that trap winter snow.
Where C. lapponica grows near C. canadensis, C. lapponica always occurs on a higher slope position and in drier sites. Calamagrostis montanensis can grow near C. canadensis at the northern limits of its range, but C. montanensis occupies warmer, more open and drier sites than C. canadensis. Calamagrostis stricta favors mesic to hygric base-of-slope and valley bottom sites. Calamagrostis nutkaensis exhibits the widest range of conditions, from relatively dry ridge crests to valley bottom hygric moisture regimes, but is found only in the generally moist coastal climate.
The genus occurs over a wide range of substrate textures ranging from bedrock, to clay and peat. Two species, C. purpurascens and C. sesquiflora, favor bedrock or coarse textured substrates. Other species occasionally occur on these coarse substrates but are most abundant on medium to fine textures, especially silt to sand. Calamagrostis stricta and C. montanensis especially favor medium to fine textured soils. Generally the species grow over a wide range of soil chemistry, however, C. canadensis and C. sesquiflora are notably associated with acid sites, and C. stricta and C. purpurascens are associated with alkaline and limy soils. Species of Calamagrostis in western Canada, and in particular in British Columbia, have distinctive distributions (Fig. 2) . Only two species, C. stricta and C. canadensis, occur throughout the province and range widely in northwest North America (see figures in Marr et al. 2007 Two species, C. sesquiflora and C. nutkaensis, exhibit a strictly coastal distribution (Fig. 2) : C. nutkaensis from California to coastal Siberia, C. sesquiflora from northern Vancouver Island to coastal northeast Asia (Hultén 1968; Hitchcock et al. 1969; Greene 1993 ). Calamagrostis nutkaensis occurs on or immediately adjacent to, the shoreline. Nearly all of the specimens from higher elevations were collected on the Brooks Peninsula (Ogilvie 1997) or on small islands near the mainland (e.g., Dundas Island). Plants from these locations are often shorter and have narrower leaves than those closer to sea level, however even at the higher elevations, there are specimens as tall as 1 m and with broad leaves. The distribution of C. sesquiflora is concentrated in the Queen Charlotte Islands, occurring elsewhere in BC only on the Brooks Peninsula, VI (Vancouver Island). This species was previously thought to occur as far south as Washington State, however plants from that area have recently been re-determined as C. tacomensis Marr and Hebda (Marr and Hebda 2006) .
Three of the four remaining species (C. lapponica, C. montanensis, and C. rubescens) do not occur on the coast (Fig. 2) . The fourth, C. purpurascens is widespread and occurs almost exclusively east of the Coast Mountain and Cascade-Coast Mountain crest well into the continent (Fig. 2) . In 2008 this species was collected from mountainous inland Vancouver Island for the first time. There is also a notable near-coastal site for the species at high elevation on the relatively dry, east side of the Olympic Peninsula in Washington State.
The distribution of C. rubescens is strictly southern and inland within the study area with the northernmost occurrence near Francois Lake, British Columbia at 54.1uN latitude. The range remains largely inland until southern California where populations occur along the coast (Greene 1993 ).
Calamagrostis montanensis is largely a species of the continental plains, common in southern Alberta and adjacent U.S. states east of the continental divide. In British Columbia it is considered rare (Douglas et al. 2002a) , occurring in the northernmost extension of the plains along the Peace River near Fort St. John and in the southern Rocky Mountain Trench where it has crossed the Rocky Mountain front.
In British Columbia, C. lapponica, a largely circumpolar species, occurs mostly north of 55.2uN. There are, however, isolated and disjunct populations in west central Alberta between 51.8 and 53.2uN on high mountain tops.
DISCUSSION
Taxa of Northwestern North American
Calamagrostis and Their Distinguishing Features
Based on the multivariate analysis of morphological characters two groups of species emerge: 1) those that are relatively distinct; and 2) those in which there is some overlap in morphological characters and that are therefore more difficult to identify. In the relatively distinct group are C. montanensis, C. purpurascens, C. rubescens, C. sesquiflora and C. nutkaensis. Those that are more difficult to correctly identify belong to the C. canadensis/C. lapponica/C. stricta ''complex''. A comparison of Fig. 1C to Fig. 1D reveals that many specimens previously identified as C. stricta, C. canadensis or even C. purpurascens were re-determined in our analysis as C. lapponica, and vice versa. Further comparison of Figs. 1C and 1D indicates that the criteria that we used to distinguish between C. canadensis and C. stricta largely match the label determinations of the specimens at the species level, but less so at the infra-specific level. Although many specimens in this group are clearly distinct from each other, discrete clusters do not emerge in the scatter-plot of the PCA to the same extent as the other species. There are, however, morphological and ecological criteria by which these taxa can be distinguished and these are highlighted below.
Calamagrostis lapponica vs. C. canadensis and C. stricta. We distinguish C. lapponica from C. stricta and C. canadensis largely according to habitat and lower leaf surface texture (Table 2 ). Both C. canadensis and C. stricta are species of relatively moist even wet habitats (Crackles 1994; Cody 1996; Greene 2001) , frequently occurring at lower elevations than the largely alpine species C. lapponica (Table 3) , although C. canadensis occasionally occurs in wet alpine meadows (and all of these are var. langsdorfii). On one occasion we collected C. lapponica growing in standing water, a very unusual habitat for this species. The lower leaf surface of C. lapponica is glabrous, whereas in C. canadensis and C. stricta it is scabrous. The number of nodes is particularly useful to distinguish C. lapponica, 1-2(3) nodes, from C. canadensis, (2)3-5(7) nodes, with which it is most frequently confused (compare Figs. 1C and 1D) .
Using the preceding criteria, the specimens that we considered to best fit C. lapponica grouped together in the PCA analysis (Fig. 1C) and the habitat of these specimens generally matches descriptions from other parts of the species' range. In Europe, C. lapponica is largely an alpine species of ''tundra, dry heaths and woods'' (Clarke 1980) . In Russia, C. lapponica occurs ''In forest tundras, riverside sands and pebbles, sparse forests, among shrub; up to upper (bald) mountain peaks' ' Tsvelev (1984) .
Calamagrostis canadensis vs. Calamagrostis stricta. Criteria to distinguish C. canadensis from C. stricta are difficult to circumscribe because many characters overlap (Table 2, Fig. 1C ). Using Fig. 1C as a starting point, we designated specimens plotted to the left of ''0'' on the first axis as C. stricta (or C. lapponica) and those to the right of the ''0'' as C. canadensis. The characters for which there was little overlap between species and which accounted for most of the variation in the PCA included NODE, LIGT, LIGL and BRL. Calamagrostis canadensis has (2)3-5(7) nodes, whereas C. stricta has 1-3(4) nodes. Ligules of C. canadensis are lacerate and fragile, whereas most C. stricta (and C. lapponica) specimens have relatively stiff ligules with entire margins. Calamagrostis canadensis ligules are generally longer ((1.5)3-8(12) mm) than those of C. stricta ((0.5)1-3.5(6) mm). There is little overlap in the length of the longest inflorescence branches (BRL), i.e., less than 37 mm in 92% of C. stricta specimens and greater than 37 mm in 75% of C. canadensis specimens.
Two ecological features also help to distinguish C. canadensis and C. stricta. In general, C. stricta appears to be associated with limey or alkaline substrates. In our experience, C. stricta is more likely to grow at the edge of, rather than in, wetland habitats as compared to C. canadensis. Where the two grow near each other C. stricta occurs ''upslope'' of C. canadensis and often at the edge or even just within forest, woodland or thicket.
Recognizing subspecific taxa. Our analyses uphold the recognition of subspecific taxa in C. canadensis and C. stricta but reveal that the entities are part of a morphological continuum, a conclusion that matches that of Greene (1980) . Most specimens of C. stricta in the lower part of Fig. 1C have glumes shorter than 3 mm long, whereas those that plot closer to C. lapponica, have glumes longer than 3 mm. This character primarily distinguishes subsp. inexpansa (glumes 3-4(4.8) mm) from subsp. stricta (glumes (2.2)2.5-3.0 mm). Using this criterion C. stricta subsp. inexpansa occurs on the coast as well as inland, whereas C. stricta subsp. stricta is an inland taxon only (Fig. 2) . There also appear to be habitat differences between the two, with subsp. inexpansa growing in more forested habitats and subsp. stricta in more open habitats (Table 3) . Hultén (1968) distinguished between these two taxa primarily by differences in callus hair length relative to the lemma, recognizing them at the specific rather than the subspecific level. He too mapped C. neglecta (Ehrh.) G. Gaertn. (C. stricta subsp. stricta) as primarily an inland species of coastal Alaska, and C. inexpansa (C. stricta subsp. inexpansa (A. Gray) C. W. Greene) along the coast as well as in the interior.
Glume characters also help distinguish varieties of C. canadensis. Nearly all specimens of C. canadensis that plotted below ''0'' on the second axis (Fig. 1C) have relatively glabrous glumes, shorter than 3.5 mm. These we designated as C. canadensis var. canadensis (glume length (2.5)3-3.5(4) mm). Those that occur above ''0'' have scabrous glumes longer than 3.5 mm, often with the scabrosity relatively long and sometimes bent. This second group we designated as C. canadensis var. langsdorfii (glume length (3.5)4-4.5(5.5) mm). All of the specimens labeled as C. langsdorfii from Russia are in this second group. The scabrosity of the glumes is mostly restricted to the keel in C. canadensis var. canadensis, whereas in C. canadensis var. langsdorfii they often cover the entire surface. Glume length to width differs as well, (2)2.5-3.5(4) for var. canadensis and (3)3.5-4(5.5) for var. langsdorfii, i.e., glumes of var. langsdorfii are more attenuate.
The characters by which C. canadensis var. langsdorfii is recognized here are consistent with Hitchcock et al.'s (1969:525) view. They questioned the occurrence of such an entity in North America, but concluded that if in fact it is the same as the Russian species, C. langsdorfii, that it should then be included in C. canadensis var. scabra (Kunth) Hitchc., which they distinguished primarily by the longer ''rather strongly scabrous'' glumes. However, as Greene (1980) indicates, Calamagrostis scabra J. Presl was published in 1830, whereas C. langsdorfii, was published in 1824. Our analysis (Fig. 1C) indicates that plants from Russia identified as ''C. langsdorfii'' are the same as C. canadensis var. langsdorfii.
The use of the aforementioned characters to define intraspecific taxa for C. stricta and C.
canadensis generates better defined clusters in the PCA, though there remains overlap (compare Figs. 1C, 1D) . Despite the overlap, we believe that continuing to recognize subspecific taxa is appropriate, in part because the criteria that we used match subtle, but significant ecological differences (Table 3) Extant Calamagrostis distributions can be understood in the context of Late Pleistocene history of habitats and glacial history. The most likely explanation for the strict coastal distribution of C. nutkaensis and C. sesquiflora is that they survived on the coast during late Wisconsin (Vashon) glaciations both south and north of the Cordilleran Ice sheet or in shoreline refugia (closed refugia sensu Lindroth 1969). The habitats for both likely existed along the immediate shore zone even during the short interval of fullglacial conditions. Calamagrostis nutkaensis could have spread rapidly following deglaciation along the strandline and then moved a short distance inland into non-shoreline habitats such as bogs. Calamagrostis sesquiflora would seem to be well-adapted to persist on unglaciated headlands and ridges such as envisaged in coastal refugia (Calder and Taylor 1968; Hebda 1997; Ogilvie 1997 ). However, its apparent need for relatively mild winter temperatures and relative drought intolerance (as evidenced by its oceanic distribution) prevented spread inland on what was a largely cold dry open landscape during glacial times (Hicock et al. 1982; Hebda and Whitlock 1997; Whitlock and Bartlein 1997; Heusser et al. 1999; Clague et al. 2004) . The pattern of distribution of C. sesquiflora matches the disjunct ranges of other species with Vancouver Island/Queen Charlotte Island distributions such as Ligusticum calderi Mathias & Constance (Douglas et al. 2002a) . Such distribution patterns are used as evidence of glacial refugia in these locations (Buckingham et al. 1995) .
The mostly interior, middle-to high-elevation C. purpurascens likely survived throughout the unglaciated, inland landscape and then spread into previously glaciated BC from circum-glacial refugia where suitable habitats for it occurred (Hicock et al. 1982; Ritchie 1987; Thompson et al. 1993) . It may also have survived in high elevation nunatak refugia. A hardy species of mesic to xeric ridge tops and upper slopes, it would have been well suited to cold windblown full-glacial sites before 14,000 years ago. Though ice sheets covered much of British Columbia and Alberta, refugia occupied by non-arboreal vegetation occurred, especially along the coast (Mathewes 1989; Hebda 1997; Brown and Hebda 2003; Fitton 2003) and possibly in northern B.C. (Marr et al. 2008) .
Both of the continental inland species, C. montanensis and C. rubescens, likely spread north and west from the unglaciated zone south of the ice sheets as suitable, relatively warm habitats became available. Considering the once greater extent of warm and dry climates and open habitats of the early Holocene (Hebda 1995; Heinrichs et al. 2002) , their ranges, especially that of C. montanensis, was likely greater than today having shrunk with the forest expansion of the past 7000 years. The spread of C. rubescens has likely been limited by conifer forest development, but during the middle and early Holocene, when forests were much more open it likely grew further north and at higher elevations than it does today.
The distribution and ecology of C. lapponica strongly suggest that it survived in the dry, cold, open landscape north of the Cordilleran and Laurentide ice-sheets during glacial times, and not south of these ice-sheets. Since the end of the ice age, it may have somewhat expanded its range southward, colonizing suitable high-elevation sites in the northern Rockies and further south into the Alberta Rockies. An alternative explanation for the Alberta sites would postulate that these populations are refugial relicts, remnants of a once more-continuous distribution. Extensive expansion after glaciation into southern alpine zones may not have been possible due to the rapid spread of conifers northward (MacDonald 1987) . Our recent collections in northeast BC in the vicinity of Williston Lake and Tumbler Ridge demonstrate that this species ranges further south in BC than was previously known.
The wide-ranging C. canadensis likely survived south and north of glacial ice sheets and then reinvaded glaciated terrain. Calamagrostis canadensis no doubt had abundant sites in which to thrive south of the Cordilleran-Laurentide ice system during the relatively moist Late Pleistocene time of extensive glacial lakes. This period of temporary separation may have contributed in part to the establishment or strengthening of differences between the two intraspecific taxa. Of the two subspecies, the hardier and widespread var. langsdorfii may well have survived in and spread from Beringia. With warming and moistening climates, C. canadensis, especially var. canadensis, may have been dispersed rapidly to every suitable wetland site by birds (adhering to feathers), thus spreading rapidly across the entire region after deglaciation.
The wide-ranging distribution and similar, but not identical, habitats of C. stricta suggests a similar history to C. canadensis. However, the relatively-low upper-elevation distribution limit (Table 3) for C. stricta subsp. stricta suggests that it is less hardy than C. canadensis and may have come to occupy its North American range through northward migration from ice-free zones. The occurrence of C. stricta subsp. inexpansa as the only subspecific taxon on the coast is notable, because it suggests that the variety might be a preglacial entity isolated at one time from its vicariant partner, subsp. stricta. The distribution of subsp. stricta, coupled with the widespread occurrence until the Late Holocene of open habitats in the northwest interior of North America (Hebda 1995 ) strongly suggests a continental interior source of spread for this taxon.
CONCLUSIONS
Our study of Calamagrostis in British Columbia upholds the taxonomic entities recognized previously for the province, but provides a more satisfactory treatment and key for this difficult grass genus in a phytogeographically critical region of North America. Our results demonstrate that combining morphologic, ecologic and distribution data can be an effective way of clarifying the taxonomy of a group of morphologically similar taxa. We suggest that major collections need to re-examined and annotated so that regional distribution maps can be corrected. For example, some of the previously published (Greene 2001 ) maps of Calamagrostis species distributions in BC were in error based on misidentifications; in particular, the following changes should be made: C. lapponica does not occur near Smithers, BC or at the BC-Washington border; C. sesquiflora does not occur near Prince Rupert, BC; in southern BC, C. montanensis does not occur west of the Invermere area; C. stricta subsp. stricta does not occur in coastal BC.
Our study also points to several potential future investigations. A comprehensive DNA investigation would be particularly useful in elucidating the relationships of subspecific entities and species relationships in the C. canadensis, C. stricta, and C. lapponica complex, and could potentially test the new phytogeographical hypotheses that we have presented, if sufficiently variable DNA markers could be developed.
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